, 3{- wp‘FJ‘SlDGL\'Q'*l

i, A1
N

LRAIR -81-1593

TITLE: Nuclei Far From Stability Using Exotic Targets
MASTER
AUTHOR(S): ,. e. Wilhelmy, G. E. Bentley, K. E. Thomas,

Ronald E. Brown, E. R. Flynn, J. Van der Plicht,
Los Alamos National Laboratory

L. G. Mann and G. L. Struble
Lawrence Livermore National Laboratory, Livermore, CA

SUBMITTED TO: 4th International Conference on Nuclei Far From
Stability, June 7-13, 1981, Helsignor, Denmark

DISCLAMEA

o sty TS 7 ot | ihag 7 A Ve (ke el o ahy apmsy B!

By scceptance of this srticle, the publisher recognizes the: the
U.8. Goverrmmnt retaine a nonexclusive, royeity-free Neenes
10 publish or reproduce the published form of this gontnby-
tion, or 10 sllow othen to do 10, for U.S. Government pur-
[ D

The Los Alamos Scientific Laboratory requests that the pub-.
lisher iduntity this srticle s work performed under the s
pices of the U.S. Decertmant of Cnergy.

m LOS ALAMOS SCIENTIFIC LABORATORY

Post Office Box 1083 Los Alamos, New Mexico 87648
An Affirmative Action/Equal Opportuniy Employer

University of California

Ne. 828 A2 VNITED STATES TR O NEB JRCONENT 8 -.qP
_A

. Ne. 289 DEPARTMENT OF ENEAGY


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


Muclei Far Fy Uy 2 Ixotic Ta

J. B. Wilhelmy, G. E. Pentley, K. E. Thomas, Ropald E. Brown, E. R. Flynn, and
J. Van der Plicht Loe Alsmoe National Laboratory, Los Alamos, N.M.

L. G. Mann, and G. L. Struble Lavrence Livermore Mational Laboratory, l.ivermore,

California

&!snct

The nsscon factoriles such as the Los Alsmos
Meson Phyeice Pacility have made poesible high
fluenca medium energy proton beamea that can be used
for epallation reactions to produce macro quantlities
of unstable isotopes. Targets of over 10 |/c|I can
be axposed to total fluence approaching | A-hour re-
sulting in spallation yields in the 0.01-10mg range
for many isotopes of potentisl interest for nuclear
structure studies. With the use of bhot call fagil-
ities, chemical processing can isclate the desired
material and this coupled vith subsequent isotope
separation can result in veable quantities of
nateria) for nuclear ta_get spplicaton., With off-
stable isotopes ae target materials, conveantional
nuClear spectroscopy technicuss can he emoloyed to
scudy nuclel far from stability. The irredifation
and processing raquiresants for such an operaticn,
along with the isctope production poseibiliciss,
~te discussed. Also Presented are initial experi-
uents using & '“%Gd (t), = 73a) targat to perform
the (p,t) reection to uubiilh 1evalu ip the pro—
posed double magic nucleus '‘‘Gd,

1. Iptredvetion

Study of nuclei far from etability is usvally
accompliohad usircy conventional targets vith axotic
resctions and/or soohisticatsed detection techniquaes.
The major exception to these conventional targeta
has been in the study of the propertise of the heavy
actinides for wvhigh reactor-based production pro-
grams have provided sufficient materials for targate
as heavy as '"''FPa''!), With the sdvent of the high
intensity meeson foctories such as LAMPF, s nev poe-
sibilicy has emarged for the product.on of macro
quantities of off-stalilicy isotopes uslng spalla-
tion reactions to provide nuclear target materials.
The Loe Alamos Meson Physice Facility, on a roytine
basis, nov provides beame of 300-600 LA of 800 MeV
protons. The major purpose of the facility 1s to
produce pions and wsons ir various production tar-
gets, but following chis production a subetantial
smount of the prisary proton besm is still available.
Through irradiation ‘acilities located at the beau
stop area, spallation reaciiona can be perforsed on
a variety of target materials. For this to be o
viable operation, the cspabilities and expertise
for tha handling and chemical processing of the
intensely radioactive samples have to ba available.
To produce targets for further nuolear studies, the
chemically ceparated samples have to be, ia general,
isotopically separated onto suitable bsakinge for
nuclear reaction studies. Wich thess combined tech-
nology capabilities, it then becomes poeesibls to
reach nuclear regiors far from stabilicy by usiag
conventional nuclear spectrosesopy probes with thair
intriosicly high efficiency and resolution. To date,
we have begun initial etaps to develop thase capa-
bilities and, av a demonstration of the techmique,
have produced a '"%0d varget (ty = 7%). Vith this
target ve have performed the !* (P t) '“'Gd reac-
tion to etudy t‘n low lying levels 1in the tater-
eating nualeus '“‘od.

2. Irradiscion snd Precessins

To maka use of the large besm available in the
LAMIF besm stop area, an emtensive isotope produc~
tion program was begun vith the emphasis on medical
applications’). There are clinicsl requiraments
for s large variety of specific radicactive isotopes
for diagnostfc and therspsutic spplication. Often
it is desi-able to produce large quantities of a
relativaly long lived isotope vhich cen than sarva
as a "cov' or generator for soms shorter lived iso-
tope vhich is used ip nuclear medical applicationes.
With thiv procedure radiocactive compound labaling
can be obtained, if required, and a controlled
specific radiation doce can be administered. For
~hese purposes it is necesssry to be able to pro-
duce macro quantities of the primary isotopes of
interest. To thie end ar irradiation facility wvas
constructed at the LAMPY besm stop snd is schema-
tically 1llustracted in Fig. 1. Tha conetrsints on
this facility are that it be able to withstand the
intense proton besm and provide comvenient acceuvs
to enable remote essy target insertion, exchange
and servicing. This "stringer' facility allows the
insertion of up to 9 targac aseemblies for eimul-
tansous irradistion. BRach of the targets is water
cooled with a flow rate of ~60 L/main to enable dis-
eipation of tha 30-50 kilowatts of pover delivered
by tha beam. A photograph of a standard target
as bly is shown (n Tig. 2. The total thickness
is .~ mm, and tha primary housing is constructed of
alumimam with & thickness in the irradiation region
of é mm. A copper block is inserted into this irra-
diaction windov, and it containe tha actual targat
asterial. 1In |fuul the cargets can be up to 12 mm
thick and 25 c»" in area. The large area is re-
quired since the beam substantially diverges whan
it goes through the plon production targyets and

Mg. )

Schematic representsation of the remote
irrsdiation faeilicy at LANPF. Up to

nine targets uam be irradiasted ac ote tire.
Rach 10 water cooled with a flow rate of
~80 liter/win.



'

e "‘.":.-I-JI-DP- L

P

R N AN RN RN Nt s o b aar
Ly T T

Los Alsmor Scientific Laborstory
™ OF MY erviagity OF CALHOAMIA

AT L A RE N B L MY

Fig. 2 Target sseegbly. 1Indi\idual targecte (in
this case Mo) are plcced inside a copper
contsiner - vhich has a receptive ares of

2% cm® and is 1.25 cm deep.

contimues to dilverge through small angle scattering
throughout the stringer tacget sseeably.

A typical {rradiation cycle of LAMPF 1a ™%
sonths dur‘ag vhich time 1 A-br of proton besn
will be delivared to the stringer irradiacion facil-
ity. During thils period, targers will be insarted
and removed ae required for production of speaific
isctopes. 1In gcnacal, tkree irradiationo result in
intensely radivactive target sssemblies with inirial
activity levels ia the hundreds or thousands of
Montgen range. The ansenblies are loaded into &
special cask made of arricaad '’'U and transported
to @ hot cell facllity locats” some 3 Im ‘rom LAMPF.
In this facility the targetn are remcved frem the
cask and disassmmbled for chomical vrocassing. All
standard chemical procwdurss car be remo:aly carriad
out within the hot (ell area, Once the desired iec-
topes are uxtracted, thay can dc sckaged in s form
stiicadble for shipment to mediaal fuocilitimes, This
exteasive capahili.y aleo permits the possible ileo-
lation of desired iwo-0pis for puclear s"udies as
vall.

3. lsqtope Prouwi.ien

The initial reasidbility scudies of producing
targats from ieotopes made at LAMI'Y have concen-
trated on the spallation products forued with pro-
tons on Ta targats. Ta is an essentially wonoiso-
topic meial and has exnellent therwal prope:ties
for expoaurs to the high fluence beam. Sipce it 1s
A heayy alament, the epallsiion procass conceatretaes
preduction {nto a broad range of peutron deficieat
tsotopes throughout the rare earth reglion. TFigure )
shows soms axperimantal data and a caloulated awums-
lative spallation Yiald cruss section fer 340 MeV
proteons oa Ta wiing an iater-npualear cascads model
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Fig. 3 Croes saction for cusulative yields of

mase chains for the reaction p+ '*!Ta.
The so0l1d curve is a cascade calculation
follorsed by stactietical evaporsation®) for
940 MeV incident protons.

folloved by statistical evaporation®). The wmocal
reproduces the general shape and magnitude of the
seasured distribution, but tha important point to
oote 1s that there ie subetantial croee section for
production of neutron deficient isotopes throughout
the rare esarth rpion. With an irradiation of a
target of 10g/cm” wich a toral fluance of 0.5 A-hr
of protons, a croses section of 1 mb resultes in pro-
duction of ~100 ug of produat.

The spallacticn yi:ld is maximiged for naeutron
deficient isotopes se indicated in Fig. 4. The
sverage primary mass produced in the reaction ie
displaced by 5-10 neutrons from the line of beta
stability toward the neutr.n deficient sida. Of
couree, the distribution 1e quite wida h-ving a @
of about 2.2, for a given mass chain. This prcwilu
independent yielde to a substantisl number of iso-
topas and thus, to some extent, can Overccme
shialding effacts associated with bats stable leo-
topes blocking the cumulative chain. In this pro-
duction region sevaral isotopes are >/ potential
intarest for tergete for nuclsar strucrture studies.
For aase of handling the initial e{forte will con-
oaptrate on :h, lon, %w.d a -unn, rare earthe
1488 (t, = 10 i *'0d (t = 7%) ”Gd(ﬁh-

1.8 x 10%) and '*'py ¢ ‘a). Of these fhe most
interasting sre '**sa and '*'Gd eince the (p,t) pick
up reaction can be u,o? to study the rlosed W=i2
shell. The nucleus '"‘Gd hse received considarable
attention recently due to ite apparent double closed
shell etructure end in the naxt section ve du?u.'o
our first results vith the redicactive target '‘‘cd
to produce and study thie isotope,

Other isotopes of potential use are indicated
in Fig. 4., Of these, two deserve special mention.
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Fig. 4. Portion of & chart of the nuclides. The dashed line 1s rhe line of beta stability, and the solid

“ine indicates the average product for a given mass forued in the proton induced soallacion of

Ta.

The croes hatched boxes indicate isotopes of potential interest for target pieparation.

Aleso shown are production cross ssction intervals.

The firet is '"%Gd which has a relativaly short half
life of only 48.3 days. Since this is . y~esumed
doubly closed shall nucleus various 1 .elastic and
direct resction probes should provid, corroboraticn
for this assignment., Adequate qus cities of this
isotope can in principle be isolr.ad. The most
recant Gd axtraction from an irridiated Ta target
(Table 1) had over 100 ug of this tsotape at the

end of boabardment. Howvever, even a target con-
taining only 5 ug of the iec.ope vill have a disinp-
tegration rate of 100 millic ries and, therefore,
require adequate ehielding fo. hnndlin*-gurpoooo.
Anocher isotope of high interest is ''"TJHf. This

31 year isomar is at an excitation energy of 2.4 Mav
but, most importantly, has a epin of 167, Tha
nuclear structure propercies associated with high
angular momentum are currently ao active ares of
research. Theorectical speculation concerning yrast
traps and shape changes for nuclei of high angular
romentum®) has resulted in extensive experimental
progiims to study these regions. Our recent irradia-
tion of 11.9 g/cm’ of Ta with 0.365 A-hr of protons
has resulted in the production of over 40 ug of the
17081y ¢ pigh-spin isomer., With this as & scarting
material, Coulomb excitation stuiies using heavy

ion projectiles should be able to reach the highest
identified nuclear spic states. There is subotantial
ef fort being expended on the development of the eo
called "opin spectromaters' or ''crystal balle" for
measuring y-ray nultipliei:icr ui111l1n| large NWal
arrays. The availability of '"*"'Hf would purmic

an extension in the use of this eophisticated equip-
ment intu unique arveas.

TAME 1

Gd Aseay
Hass 146 148 151 133
t, (a) 0.13 18, 0.3 0.66
Yield t=0 (ug) 115, 3o0. 206, 179.

There are l:ill substantial problems to bs over
coms bafore '"*“'Hf bacomes readily available for
nuclear struiture studies. To obtain a suitable
target the chemically isolated Hf fraction has to
be isotopleslly eeparated. fSince Mf 1 a refractory
elemeant, the afficieucy for this sepsration might
be low unless sxtensive 1on source development 1is
performed, Aiwo, even though the produaction yleld
of the isomer is auvceptably large, zhe production of
the stable ground sctate is much larger. 'The cascade
calculations esticate that the ground statoe yield
will be ~.%0 timer as large as thut measured for the
fwomer (7able I1I). BEven at this impuyrity level it

TAME 11

Hf Assay
Mase 172 178 1782 178
th (a) 1.87 0.19 3. fcabie
Yield t=0 (ug) 6220. 35290, sl (6000)

may be possibla to use this target material in
Coulomb excitarion etudies by emploitinz the tighar
total Y-ray energy rele: sed ssecciated with the
isomar vhen compared with -he ground state. An
sttractive area of research for thies isomer is exple-
ring the possilility of performing multiple etep sel-
ective photoionisation with laser gystems. A high
resolution tunsable dye laser nould be used to reson-
antly emcite the uniqua hyper-{ina level splittinog
ansociated with tha isomer. This couplad with a

high intensity laser could then ba used to selec-
tively photoionise tha isomar permittiog, in primci-
ple, ismar separatiorn.

In addition to dsotopes produced with spallation
reactions on Ta there is intarsst in several light
elemants. Production targets of Cu, V and Bl bave
been irradisied in the primary protea dean. For
these lighter elemants the lewer charged parcicle
Coyulomd barrier tesults im more squivalent protoe
and nevtron emisz.en. The ytlelds are, therefors,



1ot as skeved toward the neutron deficient region.
7igure 3 presents thie lighter element region and
indicates isotopes ~f 1 'erest. Table II1 summar-
ises thesa isotop: u.ud indicates the production
yield expected ir . typical LAMPF irradiation cycle

(~4 months)., In all caeses 10's-100's of ug are
s 1 nf la
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Pig. 5. Portion of a chart of the nuclides empha-

siging the ligher element region. Dashed
line is the line of beta stability, Labelaed
open boxes are primary irradiation targets
for proton induced spallation react lon,
vhile the cross hatchad boxaes represant
isotopas of interast for secondary targst
preparacion,

TABLE 11I

Production of Light Isotopaes

lsotope ty (a) Target Production/Cycle (ug)
$0pq 3 x 10° Cu 20-200
Aoy 47 v 20-200
32g4 ~450 v 30-300
e 7 x 10 51 $0-500

axpectead, and this should be adequate feed material
to produce usable nuclear targets. Froperties aseo-
ciated with these lsotopes can yield information
regerding the nuclecsynthesis process in stars and
the processas involved in 'upcrnovn explosions.
Through the use of the (t, He) resction information
can be acquired on the low lying !* levels *) and
thue some ineight for the Gamow-Teller decay
strength, which 1s important for understanding ieo-

topic production in nucleceynthesie (nd irn supernova.

The axtenaion of these studies to the most neutron
rich isotones is important and, th-arefors, measure-
nents on ‘"Fe¢ (3 x 10'-1 1s of epecial interest.
The (t,p) reaction on ‘'Pe would provide sn exten-~
sion of availeble information on leval structure
for the nyclear syuthesis codeas.

The (p,v) measuraments on ''Al (7.3 x 10%a)
are l*.o of astrophyeical interest. Recent meas .re
sents’) of the iwotopic cortent cf ''Mg in waeter -
rices has led to discrepancies ia the theoric. of
nualeosynthesic and the origin of the solar system.
By directly meaauring the (p,Y) cross section on
thie isotope the nature of this IEBlrtﬂt discrepancy
can be inveetigated. BStudies on '"Ti (47a) can pro-
vide insight into leve) structures in this Tegion
and are also important fur nucleosynthesis ln\:-
atics. Amothar unique isotope for study is ""81
(~$30s). This very pautron rich isotope parmite

exxination of the nuclear region which bridges the
gap betwean the deformed s-d shell and the closed
N=20 aeutron shell. Ueing (t,p), (t,a) and (t,'Ha)
reactione thie region could e investigated in
derail.

For each isotope to be studied, chemical pro-
cessing techciques have to ba perfected for opera-
tion in remote hot cells to efficiently extract
nicrograa quantities from up to kilogiam saaples.

In gcneral these chemically isolated products have
to ba isotopically separated onto thin target
backings. This requires development of ion sou-ce
technology and the availability of a sep.rator which
can safaly handle the radioactive faad material and
ba adequatily decontaminated following the separa-
ticn. As a long term develorment, shorter lived
isotopes will becone more attractive for potential
target matarial. This will necassitate rapid handl-
ing throughout the processing and coordination with
accelerator scheduling to maximize the usefulness

of the target.

4. lpitiel Experimeps: '“‘cd(p,t)'“%ed

The nucleus '"'Gd hae received considerable
attention recently becavee of its supposed doubly
closed shell character. It has, like ''?8n and
19%pp, & high lying 3 firet excited scata. Becausy
18G4 11as too far from the line of beta stability
to be examined by normal light ion particle tranefer,
it has baer studied only through y-ray and conver-
sion electron measurenents following xn reactions' '*)
and by two proton transfers using heavy ione'') and
the ("He,n) resction'®). 1In order to complement
the xn etudies and to improve the resolution obtain-
able with the two proton transfar reactions we have
prap?rad a '"'Gd (ty, > 7%) carget and performed
the '*%Gd(p,t)!"%d reaction.

The target nAtori,l vas produced by spallation
reactions on a 22 g/cm' Ta tarpet. The primary baam
energy of 800 MeV protons was degraded tn the 400-
700 MeV range through various production targets
placed befors our target. This vas a relatively
early ampousure at LAMPF with the irradiation carried
out during 1978 vhan the average bean current was
on the order of 100 WA. An inteyral beam fluenca
of ~3.6 x 10° UA-hr wae saen by the target. The
tantaluc was traneported to a hot cell facilicy for
chemical procaseing., It was dissolved in an HF/HNO,
Lixture, and the rare earth group vas ienlated from
the bulk soluton Ly adding a lanthanum carrier and
precipitating the rare earth fluorides. The rare
earths vere placed back in solution and separated
from each other vy using etandard caction exchange
chromarography with a-hydroxyisobutyric a-id as the
gnlumn eluant. The chemically extracted gadolinium
fraction wae assayed to contain §.8 ug of '*“*0d. A
| mg carzier of natural Gd wae added to the solution
and then precipitated as » wet hydroxide. The pre-
cipitats vas shipped to Lawrence Livermere National
Laboratory vhere it was convoft'd to an omxide and
isotopically separated. T *%0d was collacted on
a 40 ug/em' carbon foil onto a nominal spot eize of
2 x2m', The target waa returnsd to Los Alamos
vbarl a thickness determination was performed ueing
1%¢C elastic ccattering, which gave ooly & limit of
<16 ug/ca’.

Using the three stage capability at the Los
Alamos Van de Oraaff facility we used 24 MeV protons
to parform the (p,t) reaction. Ancunin* the ground
state cross section of the reaction on '“*Gd to ba
tha same a0 the previoyely measured M ce(p,t)!* e, ")
a thickness of " ug/cm’ wvas obtained. The triten
epsactra vers recorded using a Q3D spectromster



having a ! oeter posi:ton sensitive helical wound
detector loca.ed at the focal plana. Figure 6 pre-
napc a spectr'm obtained at a scattering angle of

23 Evan with this very thin target a nine point
angular discribution vae nessured for all ecates
beluw 2,35 MaV, Ixperimental results and the corre-
sponding DWBA fitu are showm in Fi3. 7 for thres
different levels. One important resulc frou thess
measur~ments is that no excited states lie below

the 1,373 MaV level, thue corroborating previocus
studias and supporting the double magic character

of this nucleus. The DYWBA analysis of this level
is consistaat with an L=] assigmment, but we do not
i'eal 1t ie sufficiently unique to firmly establish
tha spin from thie sanalysis. The level at 1,980 MeV
is estcblished as an L=2 transfer and is consistent
with assigrment as a 2% level made through difficulc
threshold acslysis in an '“‘Sa(a,2ny)'"'Gd messure-
mant'!), In the normal Y-ray cascada this level is
not & mesbher of the y-ast band and is thus not pop-
ulated. With our light ion direct reaction techni-
que the aseignment of this important level 1is
clearly established. Th 1laevel at 2.173 MaV has the
distinctive siguiture of an L=0 tranafer and is in
agreement with the recent assigoment based on =xn,
conversilon electron measurements'"). This level is,
howevar, no. the pairing vibration svate eince it
contains less than 10X of the ground state strength.
Figuvre 8 preser.ts a level scheme for the lowv lying
levels in '**Gd as daduced from our (p,t) measure-
mente along with previous assigmmencts from xn studies.

The resulcs of the present experiment clearly
show that useful nuclear reaction remults can be
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Fig. & A portiun of che triton spactrum from the

reaction '*'Gd (p,t) '"%d,

obtained on targetc as thin as ~10 u;/cn' ueing

light ion resctions and a high rasclution spectro-
mecer. Irradiation ueing highar beam fluenges can
potentially providu orders of sagnitude more material
for target preparation. We anticipate that this
will opun new ragions for significant physical
aeasuremants in previcusly insccessible arsas.

3. Asknewiedawante

We would liks to thank R, J Prestvood for cha-
mical assistance in praparatisr of the Gd, and R.
J. Dupsk for deotopic separation at the sample.
This work was done under the suspicies cf the United
ftaictes Department of Enevsy.

T R | L1 ol awssl

1

Omy (degree)

Fig. 7 An.iuln' distributi.a for three levels in
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